The association of the apolipoprotein (Apo E) -epsilon4 allele to neurodegenerative diseases such as Parkinson's disease (PD) has been analyzed in several studies. This association has been identified by amyloid deposits and neurofibrillary tangles in the brains of patients with neurodegenerative diseases. Method: In this study the possible relationship between Apo E alleles and PD patients was analyzed in 105 patients with PD and 107 healthy controls from a Mexican population. Results: Allele analysis in PD vs. controls was: ε2 in 6% and 2.3%, respectively; ε3 in 73% and 88.3%; and ε4 in 21% and 9.4%. The ε3 allele showed a protective risk effect with an Odds ratio (OR) of 0.36 (95%CI 0.20-0.61) and p < 0.05; contrary results were observed for the ε4 allele, which showed an increased risk for PD, with an OR of 2.57(95% CI 1.42-4.79) and p < 0.05. Upon multivariate analysis showed PD risk was evident in patients who were carriers of the genotype ε3/ε4; age group (fifty or more years) and had exposure to pesticides and solvents (p < 0.05).
Introduction
Parkinson's disease (PD), the second most common neurodegenerative disease, is more frequent in males and is present in about 2% of the adult population over 65 years of age, although it has been observed in younger people [1] [2] [3] . It is a multifactorial disease but more than 10% of cases are hereditary and the prevalence varies with respect to the population analyzed, gender and age [2] [3] [4] . Parkinson's disease is diagnosed using clinical criteria, based on the presence of: tremor, bradykinesia, akinesia, and rigidity [2] [3] [4] . Basal ganglia dysfunction leads to the majority of motor disorders that are varied and affect patients' motor control, such as: reflexes (rigidity), autonomous movements (hypokinesia and tremor) and voluntary move-ments (bradykinesia) [2, 4] . Typically, the PD patient's posture is in flexion of both the head and trunk; of the joints, the arms and legs. It's common to find a degree of intellectual dysfunction that includes mild cognitive impairment in perception, memory and the expression of language in about 10% of patients there is frank dementia. Generally, postural abnormalities occur later in the course of PD [3] ; with progressive neuronal loss being more evident in the compact area substantia nigra, and are associated with the presence of Lewy bodies (ubiquitinated protein deposits) in the cytoplasm of neurons [3] .
The cause of the PD is unknown and several studies have shown that in addition to the genetic component there are environmental risk factors for PD development that include: drinking well water, contact with herbicides and pesticides, and continuous exposure to industrial pollutants [2] [3] [4] [5] . Different locus genes have been associated to PD [6] , among which is the apolipoprotein E gene on chromosome 19q13.2, that has been identified by its important function on the transporting of lipids in plasma and neurons [3] . Found in many organs, the Apo E is synthesized in the brain by astrocytes and can be internalized by nerve cells [3] . It is a polymorphic protein made up of 299 amino acids and three known isoforms (E2, E3 and E4) in the plasma [7] . These isoforms are under the control of 3 dominant, independent alleles: ε3, ε2, and ε4 [7] . The alleles ε2 and ε3 have been known to confer a protective effect against Alzheimer's and PD diseases, and have been associated with longevity [3, 8] ; while to the contrary, it has been observed that the ε4 allele is associated to Alzheimer's and PD. The Apo E gene has been postulated as a candidate for its association to neurodegenerative diseases such as Alzheimer's disease and PD [3, 8] . Frequency of the Apo E allele varies depending on the population studied: the ε3 allele, frequently accompanying the ε2 allele, has most commonly been the one to reduce low-density lipoprotein (LDL) cholesterol levels, while higher total-and LDLcholesterol levels typically occur with the ε4 allele; which, forming monofibrillary peptides, precipitates and forms dense structures (amyloid plaques) that are the main component of neurofibrillary tangles [8] . Also, it has been shown that the E3 and E2 isoforms have affinity to the Tau protein [9] ; which, confers protection from hyperphosphorylation on the Tau protein [8] [9] [10] . However, the exact mechanism by which this happens, whether through the cytoskeleton and Tau protein or by alteration in the cholesterol transport, is unknown. Finally, the peripheral role of the Apo E alters the risk of heart disease, which is related to neurodegenerative diseases [9, 10] .
Neurodegenerative diseases, particularly those with symptoms of involuntary movements and dementia, are a growing public health problem in our country. PD is one of the most common and in a population over 60 years of age in Tepatitlan, Jalisco, Mexico, its prevalence has been described as 2.7/1000 [11] ; calculated to affect 1-2 for every 1,000 people in the general population worldwide, and 1-3% in elderly over 60 years of age. Nonetheless, part of the problem lies in the fact that currently there is no known precise data about the incidence and prevalence of this disease in our country. According to the above, if more than 556,526 people between the ages of 50 and 60 years of age live in Jalisco [12] , there could be approximately 16, 695 .78 afflicted with PD. The aim of the present work was to evaluate the relationship between polymorphisms of the Apo E gene and PD, in a sample from the State of Jalisco.
Material and methods
We recruited 105 patients with PD and 107 healthy subjects from Mexicans living in and around the city of Guadalajara. Patients were recruited between January 2003 and January 2008 from: Departamento de Neurología, Hospital Civil "OPD Fray Antonio Alcalde", Universidad de Guadalajara, Hospital de Especialidades, CMNO, and the Clínica 110, IMSS, Guadalajara; Jalisco, México. PD cases were confirmed by medical, neurological examination, and a neurologist performed diagnostic investigations on all those who screened positive. PD was diagnosed in subjects with at least two of the four cardinal signs -resting tremor, bradykinesis, rigidity, and postural disturbances -and no other apparent cause of Parkinsonism. Controls without PD were recruited from healthy volunteers, and their habits and family histories were investigated.
Personal data collection entailed interviewing both groups with the use of a short questionnaire that included items on: age, sex, detailed information on recent and past use of tobacco, caffeine and alcohol consumption, and exposure to pesticides. All individuals signed a letter of informed consent.
Blood samples for DNA extraction and genotyping according to standard protocols were available for 105 patients with PD and 107 healthy controls [13] .
The presence of the Apo E alleles (ε2, ε3 and ε4) was determined by DNA amplification in a total PCR • C (7 min). To distinguish between the alleles, the amplified product were subjected to restriction enzyme analysis with HhaI (New England Biolabs, Beverly, MA, USA), according to the manufacturer's instructions. The samples were separated using 12% polyacrylamide gel electrophoresis (19:1) followed by silver staining [15] , which revealed 91, 83bp fragments for ε2 allele, 91, 48 and 35 bp for ε3 allele, and 72, 48, 35 and 19 bp [16] .
The frequencies of the Apo E polymorphisms in PD patients compared with controls were tested for significance using Chi-squared or Fisher's exact tests. Odds ratios (OR) and 95% confidence intervals (CI) were also calculated. Logistic regression of p < 0.05 was regarded as statistically significant.
Results
Among the PD patients, the means age was 63 years, 60% were male, 40% were tobacco smokers, 38% drank well water and consumed alcohol, 43% used caffeine, and 55% had pesticide or herbicide exposure (Table 1) . Table 2 shows the number of cases and controls by Apo E polymorphism status. The frequency of the ε3ε3 genotype was 52% (55/105) in the PD group, compared to 80% (86/107) from control group; the OR was 0.27(95%CI 0.14-0.52) and p < 0.001. The frequency of the ε3ε4 genotype was 38% (40/105) in the PD group and 16% (17/107) in the control group, which was significantly different; with an OR of 3.26(95%CI, 1.63-6.66) and p < 0.001. The genotype distribution frequencies from cases and controls, according to the likelihood ratios, were all consistent with the HardyWeinberg equilibrium.
A multivariate logistic regression analysis, in which the groups were considered to be the dependent variable, was carried out with the following independent variables: Apo E genotypes (ε3/ε 3: ε 3/ε 4), gender (male, female), age group (< 50, 50 years), consumption of tobacco and caffeine (yes or no), and herbicidespesticides exposure (yes or no) (Table 3) , no other data were recorded.
Discussion
PD is the second most common neurodegenerative disorder and is more frequently observed in males in most populations studied, suggestive of an incidence of at least a two-fold greater risk of developing PD in males. Some studies have addressed the clinical and biochemical differences between genders [17] . In the present study, this trend continued. The comparison of the study groups showed that men have a 1.5 times higher risk of developing PD than women (p < 0.05).
On the other hand, it has been shown that multifactorial etiology such as: tobacco use, caffeine consumption, exposure to herbicides, pesticides and solvents, and drinking well water, contribute to the risk for PD. In these variables we observed significant differences. Similar studies have been reported by [18] [19] [20] . The common neurodegenerative diseases are predominantly idiopathic disorders of unknown pathogeneses, but several investigations have studied the existence of factors for genetic susceptibility to PD [21] . These studies have established that the inheritance of one or more ε4 glleles increases an individual's risk for development of cardiovascular, atherosclerosis in Alzheimer's and PD, because the ε4 allele has been associated with higher plasma levels of total cholesterol and low density cholesterol, which are considered risk factors. Conversely, the ε2 allele has been associated with low lipid concentration and protection [22] . The Apo E, a major protein component of lipoprotein in the central nervous system, participates in lipid metabolism and cholesterol transport, and facilitates the binding of apolipoproteins to low-density lipoprotein receptors; thereby, sustaining the lipoprotein cholesterol available to the cell [22] . Apo E receptors act as signaling molecules in neurons, altering the phosphorylation mechanism of several proteins after extracellular ligand binding and affecting neurite outgrowth, synapse formation and neuronal migration [10] .
The results observed in this study regarding the low frequency of the ε4/ε4 alleles (1%) and no association observed in patients with idiopathic PD; agree with the findings observed by Blázquez et al. [23] ; in a sample Spanish population of 276 unrelated, familial and sporadic PD patients and in 212 controls, the distribution of Apo E alleles was studied and no significant differences in were found; however, they observed a lower ε4 allele frequency in the sporadic PD group. In contrast, an increase in ε4 allele frequency was found in familial PD patients with cognitive decline. The research concludes that the Apo E ε4 allele may be associated with the risk of developing PD in isolated cases, and that it is linked to the presence of cognitive decline in familial PD. On the other hand, when we analyzed the distribution of the ε3/ε4 genotype, a significant difference be-tween the study groups was observed: OR 3.26(1.63-6.66), p < 0.05. These results are consistent with those reported by Pankratz et al. [24] , in a study of 324 Caucasian families, that demonstrated a significantly increased risk of dementia for those individuals who had inherited at least one ε4 allele (OR = 3.37; P = 0.002). There, survival was also analyzed and a significantly earlier age of onset for those subjects with at least one epsilon4 allele was demonstrated (59.7 years). This was also observed in our study when we analyzed the study groups stratified by age and observed that carriers of the ε3/ε4 alleles at 50 years o more, were at risk: OR 9.7(3.944-24.138) and p < 0.05.
Other concomitant variables have been associated with PD, like: tobacco, caffeine, exposure to herbicides, solvents and pesticides, and drinking well water [25] [26] [27] [28] . In this respect, we observed protective effect of tobacco and caffeine consumption in carriers of the ε3/ε3, and ε3/ε4. Stratified analyses such as these have already suggested a genetic environmental interaction between Apo E alleles in the etiology of PD, but the interactions remain controversial. Although the biological basis of the observation that cigarette smoking and caffeine intake protect against PD is controversial, these associations have been studied and found in diverse populations [25, 26] . In the present study we observed as protect factors the tobacco consumption in patient carriers of ε3/ε3, and ε3/ε4 genotypes. Unfortunately, in this study we did not analyze the number and type of cigarettes consumed, the exposure time, or considers the ex-smokers, as well as the amount of caffeine intake. Several hypotheses have been proposed to explain how the nicotine induces detoxifying enzymes, inhibition of bio-activating enzymes and trophic factor stimulation, but none have been proven [25] .
Our confirmatory findings support the hypothesis that exposure to pesticides is associated with the risk for PD. The multivariable analysis show that the herbicide, pesticide and solvent exposure had an increased to risk for PD in patients with ε3/ε4: OR 5.52 (2.52-12.08) and p < 0.05. This result agrees with that reported by Hancock et al. [27] , who analyzed the associations of direct pesticide application and observed that insecticides and herbicides were found to significantly increase risk for PD. The specific chemical content of the insecticides has previously been reported to significantly increase PD risk [28] . Studies in animal models have shown that exposure to the herbicide 1,1'-dimethyl-4,4'-bipyridinium, or paraquat (PQ) is a strong risk factor for PD; since, this metabolite crosses the blood-brain barrier, more slowly and to a limited extent than the 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). In mice the PQ causes dose dependent decrease in dopaminergic nigral neurons and striatal dopaminergic innervation, followed by reduced ambulatory movement [29] . The mechanism of action of PQ is believed to be involved in oxidative stress, and due to the similarities of active metabolites of MPTP, 1-methyl-4-phenyl-2,3-dihydropyridinium ion (MPP+), its toxic effects could be via the mitochondria. PQ, however, is only one of several agricultural chemicals known to adversely impact the dopamine systems. Manganese ethylenebisdithiocarbamate, or maneb, which is used with PQ in overlapping geographical areas, has been shown to decrease locomotor activity and potentiate MPTP effects, suggesting that exposures to mixtures of chemicals may also be etiologically relevant to PD [30] . Probably, the chemicals of pesticides, herbicides and solvents have a synergic effect with the ε4 allele in PD patients.
In conclusion, our results exhibited that e3/e4 genotype of the Apo E polymorphism has significant differences when compared to controls and PD patients. These data suggest that the polymorphism could be a good marker in PD patients; although, it require confirmation in future studies.
